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(54) STATIC RANDOM ACCESS MEMORY AND SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a SRAM of 
small area which can be operated at a low voltage and 
with small power consumption. 

SOLUTION: A SRAM(static random access memory) 
cell 27 is constituted of first to fourth NMOS 
transistors 21-24 and first and second PMOS 
transistors 25 and 26. The first to fourth NMOS 
transistors 21-24 comprise DTMOS, whose channel 
regions are connected to gates. In this way, Vth at on 
position is made lower than in off position, and 
operations under low voltage become possible and the 
electric power consumption during operation is made 
low. The Vth in the off position is equal to that of a 
normal NMOS transistor and the leak current in the 
off position becomes equal to a conventional SRAM 
cell. The electrical power consumption during standby 
is not increased. Furthermore, since the on resistance 
is small and the speed of writing/reading is high, the 
region can be reduced, if the conventional speed of 
writing/reading is about conventional level. 
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KJHWLttJBl NMOS Yy>i?*# 1 l*3J:tf»2N 
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$ blC, I3NMOS h^Vv*** 1 3*3«fctF!Bl PM 
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VDD£Tlf S^MOS h7 V^**<aJf£S>®flc 
< 4*k EKoiliiWRI**:* < ftotlWitt 
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6 NMO S h7>'^^^DTMOStM$tlXV^ 
5o ZOtcft. ±|SSRAM^/^<S«E»f^.ffi?H» 
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[0 0 2 8] ±E»riitrJ:<xtf. *tt&K««»0>i£3: 
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^M^T^IlMOS h7>^^ttlt 
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Miz&vmm^mW'rZo nit *^js^^sr 
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Tsft 2 2<Dtf- blzmmZtl, Stetfy K«BX«»2 
NMOS h7^^ 2 2(Z>y— K^^)fc**S 
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4 NMOS h7^^2 4*5j:r5IB2 PMOS h^^ 

[0 0 3 2] ±mSS 2 NMO Sh7 >*J* $22 
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05 F7^^^2 5(^KW ^fciSBRSjh/cv^. 

[0 0 3 3] 1IEI4NMOS 2 4*5«fcTJ« 

I3NMOS h^^*^ 2 3^y-^f:(iGND^S 
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2 PMOS h7>^^2 6<^y~^{-flVDD^^ 

[0 0 3 4] LTn **Jfc<0»«B^*5^-Cfl, ±E» 
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MOS h7>'^^ 2 5*5^^*2 PMOS 
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7 ^Ett^T-i:i-5 SRAMl:*tt5 S R AMir/UT u 

S:^i-lII&ia-0S>5 o a^lellS 2 9, 3 1 

*5j;tfK*fflUia8|3 7*«Wtl-C^5MOS h7 >^ 
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tjWIU&S:, VDD = 0 . 5 veaf^$it5^J-ol> 
TRW"*"*. 

[0 0 3 6] ±ESRAM^27lCiot^ _t 

fSfTl J2NMOS h7V^^21,2 2fit7l-C 
*3 9. if 2 PMOS h7>^^ 2 6d^^i"S— ^» 
4NMOS h^^** 2 4d^7Uy - KY^VD 
D^/M:^^ ill PMOS h7>^^ 2 5^^ 

VY=0.5X(RN1 +RNWl)/( 

tfSSttSo tux, 5e(i)-es$*t6y— KY^iiffi 

VY^l3NMOS h7^^ 2 3 tm I PMOS h 
7^^^ 2 5 *-e*j*£*L*-f ^-^SrKfiFflB* 
tt^«ffi«w«6J:5^ *2PMOSh7y^2 6 
OtySfei(PR2)^#<^t5-^ UNMO 
S h7^^^2 l(Dty)SK(RNl)iNMOS h7 
^v*** 3 0^yffi(RNWl)^/J^<KLX 
£>6o *<o*S*, x-* "0" *#^«p{Cfi. g3N 
MOS h7^^^ 23^11 PMOS 2 

5K*M^6^f^-^«ix, y — K Y X <D 

[0038] ^5^6^ ±Ef 2PMOS VylsV* 
* 2 6 h%A NMOS h7V^^ 2 4 tX'ffij&ZtlZ 
>f^<-^tSfiU S2PMOS h^^^^^2 6*3 
l4NMOSF7^^2 4Myf 
&fc#>\^ / - KYiOtttttGND ^/H:45. 
•5. I^SRAMt^2 7i^tt-r-^ "0" ^fSii* 

VYX=0. 5 X(RN 2+RNW2) 

x-$s^ 0 ttx, ±E*(2)-e*sn*y-KYx 

^lttVYX^S4 NMOS h7y^^24i:$2P 
MOS h7>^^ 2 6 i-e»j*$ft5>T W^-^SrS 
(Epr«*ffit^«(fclJ:4SJ:5^ Ml PMOS 
7^25 wtyffitu(P R l ) < i^t^ a 

^2 NMOS h^v*** 2 2<0^Jgei(RN2)£N 
MOS hy^v?** 3 2^tyffi(RNW2)li/h^< 
BttfeL-C*«. 7 s ^ "1" »#3i*B«C 

fi, ^4 NMOS h7y-^^24^S2 PMOS 

2 6 ^xW^M^y^-^^bx, / 

- KY^tttliVDD t"</WC:tt£. 

[0040] Zv-fZt, ±mmi PMOS h7^^ 
^25 k1M3 NMO S h7>^^ 2 3 kXM&ZtlZ) 
^f^-^t)SRU mi PMOS h7y^^2 5*3 
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t5-*f3NMOS h7^'^^2 3^tyix;- 

"1" ^ffitSLT^5^ffii-*fb-C. V 1 & "0" 

[o o 3 7] ±E»#a*iaK2 9 . 3 naox, e 

</ h^B|j:GND( 0) U^/t^ R^tT* b^BXflV 
DD^/H:RllSil6o ^/c. iltR£ft/cSRAMi? 
/U2 7<DV— KftWLIiVDD ^/KCftoX, ^l£S 
RAMir/u 2 7tf)SBl J2NMOS 2 1 , 

2 2&&\z*i<-tz> 0 Uc^ox, y — KYoomtoi. 

VDDtGNDi^)lttf(0.5V)^ f2PMOS 
h7y^^2 6^)tyffit5l(RP2)t llNMOS 
h7y^^2 1^tyfifit(RNl)^ fcTs^ffiB* 
GND ^/H:lX^5f#^@K2 9<7)NMO S h 
9^** 3 OWySlTi(RNWl) £X?#f'JLfc«tt 
KlJfcSo Lfc#oT. y-KY(Oltt(VY)ft 5£(1) 

LP2+RN1+RNW1) — (1) 
|:U fl .S2NMOS h7^^2 1 , 2 2 

f5:^aot, ^— * "o" as!E«£ft£o 

[0 0 3 9] 7=—* "0" trfEieLTl/^SRA 

Mi? A- 2 7(C * " 1 " ^^fr^t-oi^TxE 
-<5 0 ##^tHl8S2 9, 3 liaoX, try hJ»Bfi 
VDDLx-</U|c KIEFS' hSBXIiGND^ra 
5££ft<5o Sfc, !RShfcSRAMt^2 7 0>t7 — K 
iWLUVDD^/W^oX, ^f£SRAMi?/U2 7 
CD^l J2NMO S h7^^^ 2 1,2 2 
i-£o Ifc^oX, /-KYX^lfitt, VDD^GN 
D^lfil(0. 5V)^ ®1 PMOS h7Vv?^^ 
2 5 0^-y}S^n:(R P 1)£> % 2 NMOS h^^*^ 
2 2Mygfi(RN2)^ SfibTyhJ|BXS:GND 
U^</H^LTV>5*#^^lHlK3 l^NMOS h7y^ 
X* 3 2Wtyfift(RNW2) ^-e^fiJU^Sffi^* 
6 0 L/c^oX\ ;-KYX(Dgffi(VYX)ll 5£(2) 
(RP 1 +RN2+RNW2) — (2) 
t7tS-*, S3NMOSh7^^2 3^/t 

ZfrMz, y - KYX^«ffi(iGND ^/W:i5 0 o 
SD, »RS RAM-fe^ 2 7 Idli-r — ^ "1" 

/Wit, 11 J2NMOS h7y^^21,2 2 

7t6:i:iaox, r-^ "i" *3|2it$tL5 0 

[0 0 4 1] *SB5E^?KII8iw*3*t5SRAM*ir/u2 7£ 
Mt^Sl NMOS h7>^^ 2 1-14 NMOS 
h7V^** 2 4fi. ±^C^<DTMOSXfc$, 
#£&3MHIi&2 9 , 3 l«t6NMOS h 
7y^^3 0,3 2WPMOS h7>^^33,3 
4t)DTMOSXfc^ 0 1EDTMOSI1 ± 
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it£ I Vth I H9«c^i-se*(?DSRAM-fe/Hc:*5tt 

^IlNMOS h^^v*** 1 l-$4NMOS h7> 
1 4tf>r<t < ft^GNDt^5 ^ii 1£ 
COPMOS h7y^^©^^<ft^VDD-Cfc 

S»£sfc 9* *>*ttaM6<tt3, * 

7«F{J:*J*t5 I Vth I fl, g!9l^t«^SRAMir 
/H£*5ft5j|Sl NMOS h7V'^^ 1 1-I4NMO 
S h7^^ 1 4^1*©PMOS tW\ 

[0 0 4 2] Uc^or, ±IEDTMOSt«$tlfc 
#MOS h7>'^^ 2 1-2 4,3 0,3 2-3411 

*fc, ^mmx% mm 

«*tt»*a*ls!K2 9 ,3 U^X^a^tfcS, 

[0 0 4 3] ±fSSRAMir/U2 7^IS«$ttfc 

r-^SrK^ffl-fW^f-fi. *#£^[E]3g2 9<DNMO 
S h7>^** 3 OjoJ;(fPMOS yyl/i/T,? 3 3 
fc* ##&3MhI&3 KDNMOS h7>"^^ 3 2 *5j; 
tfPMOSh7^^3 4iS:t7U TK^fflT* 

^«jo»*>ofca[*^fcsjwiB»t, try h»Bt«si 

mJE V D D £ ©Bi:^KSiit»*ffl 3 7 
«NMOS h7^^3 5 t, S6ty hi&B X £ 
illliVD D fc tD^l^K § tvTK^a LESS 3 7 £ 

VY = (V DD~V thnon) X R N 4 

KY(DSttVY^f 1 PMOS h7^^ 2 5<hfg3 
NMO S h7V'^^ 2 3 fc-C*Mt£*tfcyf <D 

MtemJE^rSSx^i/^J; IS4NMOS h^>-^;** 

2 4 £jgl NMOS h7^^2 1 t <D * ^gfetR N 

»B^ft-^lSlity»IlNMOS 
^^21 i:^ 4 NMOS h7>'^^2 4 t^M^X^T 

[0 0 4 6] — ±ES6t's/ b^BX^mfifi, y 

- KYX<OtttdSVDD-ea!>5fc*(VDD-Vthnon) 

VYX=(VDD-V thnon) X R N 

KYX<0«ffiVYX^5JB2 PMOS 2 6 £ 

I4NMOS h 7 V ^ 2 4 TiS $ tlfc^ y^- ^ 
wK<E«flE*iB*.fti^J:5«-. I3NMOS h7^^ 
^23 ^l2NMOS 2 2 t^tyfgfciR 

N3^J:t>*RN2^^$^T^'5 0 Lfc^ot SR 

[0 0 4 8] CC-C. ±IEa^.a blUK 3 7 Sr»J«i-5 
NMOS h"7 3 S&JztWMOS h7>^^^ 

3 6ttDTMOS*eM^TV^o Ufc^oX, ah^ 



bBB hKfetfy hlBX ^^r(VDD-Vthnon) l"< 

/u*-egi#±»fs. ^ur. try HlB*5j:tfE(Bbry 

h»BX^(VDD- Vthnon) 1"</H£4 5 <£> ^+5}-* 
*HB* s ffiSbfc*»r, NMOSh7y^^35,36 
li^^^^L^o --"t\ ±IEVthnon«, NMOS h7 
3 5*JitfNMOS h7V^^3 6<^^>-^ 

[0 0 4 4] :3 Lt, 1ENMOS h7V^^ 3 
5,3 6M7f5h 3S« 17 — KJ»WL#VD 

DfCftoT. iiJRSRAMir/t-2 7©IlNMOS h7 

^21 #£TfM 2 NMO Sf>7 ^ f 22 
yu /-KY©«ffl[*str 5/ M»Bfca»W**t6-^ 
y-KYX©«fi^Sfiey h»BXJC»m*tt5o 
[0 0 4 5] r.^X% iiESRAMir/L-2 7{Ct p — ^ 
"0" ^E«Stt-C^5*&^tt, H,$2NMOS b 
7^**2 1 ,2 2*S^-r-5*9J-*3tt^/— KY<7) 
l/^</HtGND*et)^ B fcC^N HJ2NMOS 
h7y^^2 1,22»yf6h tfyb»Bfi± 
m<D?b <mffi(VDD-Vthnon)(-^y^Y-^^tL 
-C^£fcJ&lw, y-KYdieVYH B4NMOS b 
7^^2 4C0^>Sfct^RN4 £i"5<!:. 
*(3) 

4/(RN 1+RN4) - (3) 

t^-^ "o" &m&&£t\>Z><nxhZ> 0 *z<n'<k, v—Y 

IWL^GND ^/H:4otSl J2NMOS b7 
y^^2 1,2 2(it7U SRAMir/U2 7{cfE , lt 

[0 0 4 7] £fc. ±iaSRAMir/U2 7ldy f — ^ 

"i" j&siaig$ttx^54B^tra«{-. ^2 nmos h 

2 2 3653i-VUfc*frt^ ;-KYX<DlttV 
YXIt f 3NMOS h7y^^2 3^^ygfi^R 

N3^t^^, -mm^(4) 

N3/(RN2+RN3) — (4) 

Si, R^fflL®iS3 7*DTMOS^PMOS h7 
ffiL[HS§3 9«r»fiK-f S-T 3 8£±lEDTMO 

J:0«^fflU«)i«»bS:H5c:i:dS-e#4. 

[0 0 4 9] iMf, ±lSSRAMir/W-ed -r-^ffiW 

*o»B»**S:/hS < -f 6fc#>{c^ b 7y^^<^)t7 

^y-^m^^/J^<W3^>5^^$> { 9> ^mos b 
?y^fl) I vth I i±*>*0/h$<-<?#fc<i\> ufc^ 
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ot, El 9 IC^-f-^JK^ SR AMt/H:*5^tf4, S 
1 ,i2NMO Sh7^^#H,l 2^tygS(R 
N11.RN1 2)i»#ii*@IS^2i©NMOS h9 

(^^)(0^>'^fc ! L^/h^<i"^^i6{C^ JilESRA 
M^/^J:t/»#a*EIK«-*5Jt6 4fla>NMOS h7 

[0 0 5 0] *fc. ±|E4fi^>NMOS h7>^^^ 
h"H£J£< Lft^ifr&f*. SRAMir/K^^5tt5B 
1 ,^2 pmo S h9v^*^ 15,1 eco^ri/WrK^i^ 

% <-rz>&mftfo v ) . wc^mwpmos h7y^ 

1 5 , 1 6 ©y- hfiS:ft< t5^ s *6o Lfc 
dSoT, C^Mi: t S R AMir/KDfS^t < 
X L£5o Sfc, *1J2 PMOS h7^^ 1 5, 
1 6<Z>y- hS^S< Lfc^MH S^SRAMir/u 

OS h7^^ 11.1 2 0^-^ffitt!ft s >C#V^fc4S) 

[0 0 5 1] r^lt, *HJB©»l«IC*5^Tr±, 
_hfSSRAMir/U2 7fc*3tf-SJBl NMO S h7^ 

* 2 l-i4NMOS h7^^ 2 4 fl. ±j£Ltf:J; 
pCDTMOSt'M^^Xl^o L^ot, ±E4 
WNMOS h7>^^ 2 1 — 2 4\Z.jStfZ>'*-y&f<D 

5fWS RAM-fe/H^ttSJB 1 NMOS h7^^^1 
1-I4NMOS h7^^ 1 4 £mC#ttS:^-t*o 

6 0 l^oX, &NMOS h7^^^ 2 1 - 2 

wtzx-isftn I vth I r±, I vth I (i-fcfc> 

t**^SRAM^/W^*3ttS#NMOS h7^ 
^ 1 1-1 4 CO | Vth I )£0/h£<*5o -*"ft*>t>, 
^*<DSRAM^Mrio^r^ffljliT-fcofcO, 5Vt 

h«E^6 I Vth I fc£LSI^fc(VGS- 1 Vth I )l- 
ffitttfH-* **»W**WSRAM"feA'2 7 

|:*5lt5*NMOS h7^^ 21-2 A<O^T>mK 
t±s «WSRAMir/K:M6#NMOS h7^^ 

* 1 l-l 4<7)^:/«ft£9 Vh£<&5 0 Lfctfo 

Ua£ff*iI<-C#5^t?*>'5o *fc* «(?)SRAMir 

*<£>SRAMir/K£i9 fcffla*/h$< "C#6o U^t. 
_tfE#NMOS h7V^^ 2 1-2 4 tC&tt 5^0* 
^y-^mSSfi> «(DSRAMir/KD#NMOS h7 
ll-l 4l^tt^^-7^y-^®Sfc^PC 



[0 0 5 2] *fc, ±ISSRAMir/U2 7tC*3JtSJB 
1 J2 PMO S h7>v**^ 2 5,2 6(D^— hIMtJR 
Il-f4NMOS h7>^^2 1-2 4 

-h»fl«»J:Ot*<-*-*ifcKJ:o'C, SS1.SB2 

PMO S hy 1<"S*$ 2 5,2 6(Dtygfci:^ < L 
TlSI^fi<X*#, flNMOS h7^**2 1- 
^ 4 NMOS h7y^^^2 4S:J: <9/hSv> h7 % /'^ 

[0 0 5 3] H3fi. illI^tSRAMt/U2 7(Og5 

M**^»5i^fto"CV^ 0 HJ3NMOSh7> 
^^2 1,2 3/!lW^t^5^tt :1 -P^x/l/4 

1.4 2(1, &MOS h7^^^2 1,2 3fiChuy 

f43 1 7*^—^^31/1^4 4 t-em^cfet-^ai^tbx 

l/^o ^bt, I1NMOS h7^^2 1 C7)^— h 
£^n-P?ai7U4 1 tttaSIK*^ m 3 NMOS h 
77-^^2 3«y- h t i/^v — P [)x/U4 2 £ fift 

[0 0 5 4] 4fc. ±KJRl PMOS h7>^** 2 5 
dSJgjSStl/TV^v'^cr — N^ai/1^4 5ttVDDW£i^ 
$n-5— fV-7 P P!)x/U4 6|j:GND(«$ix 
T^£ 0 *1 PMOS h7^^2 5(S2PM 
OS h7>'^^2 6)^lEDTMOSX*MLtt) 

-N?x/V4 5&VDDf£«JttL/t:fra s «fcV\, 

[0 0 5 5] Ej4ii. E|3l^^{t5SRAMir/W2 7 CO 
»jfS:eS:ALtc:t^-C4>5 0 $l,S3NMOSh7y 
2 1.2 3^«^^t^6^tP-P^^5 

1.5 2(1 #MOS Yy>V*# 2 1,2 h 
f53 tf>f-^N!>x/I/5 4 ^-em^W^SI^^T 

SBl NMOS h7V^^2 1<D#— V 
i:^n-Pl>x;U5 1 fctt«8RS*U ^3 NMOS h 
2 3(7)^— h t is* P £^/U5 2 t flSE 
^DTMOS^LTV^o £blw> 7* 
^-7 P N^cn/W5 4(iVDDI-Si!^^X^'5o 
[0 0 5 6] BI3tC*3V^. H3Tttt**b"Cl^ 

ftt^K iEIlj2PMOSh7>"^^2 5,2 6 
^M^tltl/^^tP- N^cc/KL #PMOS h7 
^^SlC h U>^4 7 ^t-V~^ p P^^^4 6 <hT* 
tt«Wfc#«£ft*C^5 0 U&>L*#&. SRAMt/i^ 
2 7JC*3»t5JSl ,*2 PMOS h7^^ 2 5,26 
^ * */W s «J8 ^#ft:««f± V D D T-*ii "C* 
|>fci6#PMOS h7>^^ 2 5,2 6St-^n- 

[0 0 5 7] BUfcfcl^Ttt, ±fa->^rt2 — P 

•? ai/W5 1 , 5 2^^gti-^/c^C07 : V--yN^^/U|i 
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#5 4 {VDDtDWE&^Z-btlX^Z^Wil PMOS 
F7y^^25i:$2 PMOS h7^^ 26t^ 

Jg/£-f So :3t5:ii:J:ot, SRAMir 

19 SRAMt/>2 7<Dia*/h$< -C^^O-efe^o 
[0 0 5 8] ft. EI3*5J:tfig4fl ±ISSRAMir/V 

t>K BlWtSRAMt/U2 7 43j:tJf0 2^^f SR 

^•^^ift»^aw±i!:tHSrit^riB-e*>^ 0 *fc, 03 

#J;tfia4fc::fc^-CJl ^1 NMOS h7>^^2 1 
tl3NMOS 2 3 *J J: t«in PMOS h 

yl/VTs* 2 5 ^^i^l;ol/>tl^TI/ v 5/5\ flfetDN 
MOS h7>^^2 2 ( 2 4ttJ:tf!K2 PMOS 
>^X* 2 6 £(0H«Ko^TfcH«T*fc«5o 
[0 0 5 9] 0511 01td^:-rSRAMir/U2 7iwfe 
,^2 PMOS h7>^^ 2 5,2 6 <Dj^X 
4\ »l«fet6 5*5j:t/*2«fet6 6JC«#»x.fcSR 
AMt^6 7"C*)$, g), $lNMOSh7^^^6 
l-$4NMOSh7>^^64(t ^llC^t 
S R AMir/U 2 7Jw*3Jt5SBl NMOS h7>"^^ 2 
1 -S4 NMO S h 7 2 4 i:ffiSt6 0 

-e, ±iasRi J2)SK6 5 , 6 6ti i^sfei^y^y^ 

h7^^(TFT) *^t5, 
[0 0 6 0] ±ISi^SRAMt^6 7 IC&I^T, X 

D, y-KYX->GND)i:f-^ "0" **#atf» 
-frlCfl Ig2j£fci6 6^ffi|Sft^RP 2 £ It, 

MOS h7^^6 3irT-»j**tl5-r^— ^SrS 
fi-e#5«E^ft6J:5tc-rs 0 7-* "0" # 

»§a*ixXVNStt«(y- KY-GND, y-KYX 
-»VDD)l:r-# "1" *r»#atr»*Ktt, Ilg 
S6 5(DgjSfi^RPULX, S(2)-egSn5y- 
KYX<Dl)EVYX^2lgS6 6 i:l4NMOS 

tSRAMir/^6 7fl ill^tSRAMir/V27i: 

[0 0 6 1] 0 6 11. ±!2»J«Sr^r-rSSRAM-fe/U6 
7 SriEl**^ fc 1"6 S R AMM&tt -6 S R AMt/V7 \s 
4 6 8 i £^[§1& 6 9,7 0 t C0^K#^^i-[fil 

IeI{S2 9(DPMOS|>7>^^3 3^ DTMOS* 
i|(7)NMO S h7>^^7 3i^i^ix.fc»^tt 

— ##a^iaK7o#±, H2(^-i-*#a*ia 

lc^PMOS h7^^^34^, DTMOSM 
NMO S h 7 7 4 i:l#I^c«S^tt 

5o ft> ft^M6 9 ^ NMO S b^^i?*? 7 1 



fl 0 2i^-T##a^lHlK2 9(ONMOS hy^v*;* 
^3 0lC«St5. Sfc. ^#&^!H]Sg7 OONMOS 

h7>^^72ll 02^-J-»#5i^IslK3 1 CDN 
MOSh7y^^3 2ilffiat6 () -t It, NMOS 

h7 7 3 , 7 4 KMH NMOSF7y 

^^71,7 2(7}^- (^A^fl-^WB ,WBX^)g 
(ESfWBX.WB^AASn^o 

[0 0 6 2] ±ra*J*fc:J:*btf. H2lc^i-»#a*lHl 
K6 9.70<t9tHIB^JB*lz:4«, &t>, try tm 

(VDD-Vthnon) U"</H£ & 5 <£) X\ @ 2 l^1-«r#& 
^©^6 9, 7 0(Of^(VDD)Hlt^rIifl^^ 

[0 0 6 3] 0 7(1 J*||JB^ffi^*J^SSRAM*fe 

is 1 1 a-sb^^m *s#—y w 2. a^nais 

$158 3. SRAMS8 4t«6»SSWc rrX\i& 
S[H]^gi58 3 jo^t/S RAMS 8 4f±0 . 5 VX^Sjf^i- 
£««-C*>£o Sfc* -f >*-:7 3i>f X«58 2J1 0. 

19, ^Sl5;^A^£jft*:3 Vfifi^AAetSrO. 5 V 
»SOfftCfiLXWl^t6{ElKi, 0.5V 

•rzmmtxmiszztix^z* 

[0 0 6 4] B8fl, Jb!E>f V* — 7WX8I58 2<D — 

^Zl»^otl^ e 0.5Vt«t6NMO 
S h7>"^^ 9 lib'itfPMOS h7>S?** 9 2 
Jl $/to-P !>x;V9 3*S.i;tf->^n — N£o:/l/9 4 
h u^^9 5 ^-rV-^N^^/Pg 6*5 J; 
t/^^-^P^^/u9 7*^m*ttfc^**t-0>S. 
Ctl^tX, 3VX*t5NMOSh7y^^l 
0 l^^t/PMOS h7^^^ 1 0 2fl ytj—ZfP 
£^/H 0 3*5*0*7*^ — ^N^ai/H 0 4ic^jE8Stt 
Tl^Wi^nXV^o r*Ul 3Vtftfft5M 

os h7y^^ 101,10211 ^a$£B:gff#£ 

Z>titbXhZ> 0 7^-^x^9 6,9 7,1 0 

3 , 1 0 4ojrb^», fi§*^*»f*:«Btra«^«ai 

[0 0 6 5] ±.7&<D£ *HJE^«UC*5V>XJ1 
SRAMir/U2 7 , 6 7«t6NMOS h7^^ 

«^UT^-5 0 SRAMir/U2 7,6 7^l^c 

SRAM^##a^[Hl5§2 9,3 1,6 9,7 0 ^Hlfigi" 
6iMO Sh7 > C/^ ^ 3 0,3 2,3 3,3 4,7 1-7 
4, ^lI>\ t^.#L[EJ3§3 7^Wt5NMOS h7^ 

3 5 , 3 6&±KDTMOS-e«jSLT^£o U 
/b^oT. I Vth I £^0#o 1 Vth I <t 0 t 
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i£<x#> ^5te^"il6r*fcofco. 5 v-comsweimis 

C^Lt, HrytifO) I Vth I fi> M^MOS h7^ 

®^<Dii*£|»ihX#So 
[0 0 6 6] Sfc. lSaDTMOSf46#MOS F7 
>v?**fi, ThVBfGD | Vth | rtM^^X^SinVh 
L^ot, ±EDTMO S Srffl^tV^V^* 

^ sramj; v t»#a*/K*-aua«sra< xt 

o£ <9 (lSRAMir;U^SRAM^ffiS^«< X#£(£> 
XibSo 

[0 0 6 7] Hi6iC^-rSRAM(0##^lH35S 
6 9,7 0X11 tT 5/ hMBto£X$Rlfc¥iy h$LBX<D 
miiL&M^MZ-rZ h7^^*±EDTMOS» 
i|<DNMOS h7>^^t«ttl/^o Lfc^o 

&it5Hte£(VDD-Vthnon) l/^/Kl-C^, HI 2 
^SRAM0)»#fc2MelK6 9 ,7 0Ot&(VDD) J: 

[0 0 6 8] £fc, ±!ESRAM1r/l'2 7 , 6 7£l*|jfc 

IT0. 5VCi!lfft5MOS h^^** 91,92(0 

Xl/^ 0 rtll^LX 3Vt'»#t5MOSh7^ 

^^101,10 2oo^ir*/M!Wcte> 

aCSHS#«:jSSi-5±E3V-eilifPi-6MOS h7^ 
1 0 1 . 1 0 2<0»**t»£E*^*H-S««tt*ff] 

_tx# 6o 

[0 0 6 9] 

6^(Z)SRAMIt MOSh7^^HX Pd"> 
Sfi^fl^ l/yv'a/u KfiJEE | Vth I ^MST"T 5 — * 
^B^icfi | Vth | *m< 45±EDTMOSS:ffi^5© 
X% 0.5V-e^««JEIMP4:»nBU ^^y/M^ 
y— ^mSft^lf^:SrlSSv>X% ?8»«#0><&TS:ia£::£ 
Jr^<n | Vth I rtM^^X^S 

-MISrSKLX, *SRAMCO/hffi^b^r0^wi:^ 

[0 0 7 0] 4fc, Jt*3gt2j31«53BW^>SRAMtt, 
±EDTMOSt*M^WNMOS h7^^^^ 

Sr^tf SRAMtHttS^^ *SRAMt/l/Ofi 



«t-«o»&^fi, ±|BSRAM-fe^/hB«ftSrH« 

[0 0 7 1] »*«3lC«5*W©SRAMtt, 
JifESRAMir/M^ttSPMOS h7^^^^- 

UMbKff*. ±ISNMOS bJls&XfW— MMk 
jSUfiJ: «9 fc»< LfcOX\ ±lEPMOSh7^^w 
< 5 fc*MtttjWS< ft 9 . NMO Shy 

^oX. S^tf:. /hffiffl. /hy-^mSE. itift^^) 
S R AMt/^#§ £ t ^X# -5o 
[0 0 7 2] «#*4fc:«£38W<0SRAMte. 
±ESRAMtyHi*5lt5±EPMOS h7V^^^^ 
*-^*^3»«»rilSftaiBliMWWB*«r. ±l£NMOS 

1 .f|2#»{(^ftm«ftl-4Wlbfc^-C, ±ISPM 
OS hy^^^^^rfi^t^SI-rSfc^oav^^^/u* 
««fcf±LftV\ Lfc^oX. ^«lt±ESRAM 
-fe/KOffiaSr/hS < X#5 e 

[0 0 7 3] Sfc. S*I5i:«6*««SRAM«:, 
±EDTMOSX«^tl/cNMOS h7^^^^J: 

[0 0 7 4] Sfc. »*S6«C«-6*W^SRAM^*J 
(ONMOS h 7 >• v^^ ^ *±ED TMO S ti* 

x, -histr* hi»*3j:tfstry h*|wi«u^w*0>*ffi 

£iI^<DNMOS h7^^^*&J:!3 t(£< X# 
5 0 Lfc#oX, C(D|gM^i:fttf. 3Eft 

[0 0 7 5] *fc, »^7l£«S3B9l0>SRAMtt. 
±EDTMOS-fl»*SnfcMOS h 7 ^v*** Sr^a tf 
Steffi L@&*«£fc<o-c. r(0K^ffiL03StfM&«ffi 

ewe , «jh»« , Sc^w L3Bflw>»aMfc , >hBfflHfc £ 

HlSC^^XtSo #1-. ±EDTMOSX\ Sc^-ffib 
X#5o 

[0 0 7 6] *fc. «MW8^«*»M©SRAMf4, 
lEDTMOSttaSWNMOS h^^i?*? tt& 
Vibttb SRAM-fe/vSrdt^-es »*^2^«S 
»W<D»&iEfflKw N ^SRAMiryKDffimJESl^.ffi 

icfi, ±iaSRAMir/v-$r/hDSat-X#So 
[0 0 7 7] Sfc, »*3S9^«S»W^***»« 
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MOS h^^^^i-^ttS^ir-^/^^^ttS^l 

[HIl] S R AM*i/8t5 S R AMt/l/ 

[0 2] 0 1 l^f S RAMir/U^Wi t5 S R A 
M1r/UT u-f t »*a*.|ll**5 J:tfK*ffl L0Sg<b ©ft 

[0 3 ] El 1 i^-f S R AMir/U£>3B#»rE0-CS> 

[0 5] Bli J*S* 6SR AMir/uco[Hj^0T^ 
[0 6] 0 5 i^-f S R AMir/u£r^££-r<5 S R A 

[07] 01 &5^f±0 5lC^RAMi?/i-£;B^7t 
[0 8] 0 7 \z&lrt ^#-7*>(xU<D&ftWm 

0-efc^o 



[0 9 ] fi§3fetf> SRAMt/W0[ElKg|t$>^ 
[010] SRAMt/Piffl^fcSRAM^)^ T ? 
h^^-r0T-$>5 o 

21,61-$lNMOSh7V^^> 2 2,6 2-f 
2NMOSF7y^^^ 2 3,6 3-l3NMOSF 
7> / v ? ^^> 2 4,6 4-f4NMOSh7y^^^ 
2 5-$lPMOSF7y^^, 26-I2PMOS 
h^v^^. 2 7,6 7-SRAMir/K 
2 8 , 6 8--SRAMir/UT U-f, 29,31.69.70 

i&^ISK. 30.32.35.36.71-74.9 
l,94,101-NMOSh7>^^, 3 3.3 4,9 
2,102-PMOSh7>^^, 3 7,3 
L|H^> 3 8--fy/W, 4 1.42,5 

l,5 2.9 3^i'P"P^x/K 43,47.53.95 
-huyf, 4 4,5 4,9 6,1 04-7 f ^-7 p N!>x 
/K 4 5,9 4->tn-N!)x;K 4 6,9 7.1 0 3 

8 l 8 2"^^-7x^f^ 

fa 8 3~-lBm\BMfa 8 4-SRAM^ 

B ~t*y hB, WL-17— K*L 




